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VASCULAR IMPLANTS AND METHODS OP 
FABRICATING THE SAME 

Field of the irmndon 
}Gfl0l.| 'The present invention relates so the treatment of vascular disease, including 
for example aneurysms, roptares, psuedoaneurysm:*, dissections exchisiou of vulnerable 
plaque am! treatment of occlusive coRclttiaas, and more ■ particularly* the invention is 
related to m*plani»ble devices and m&hods for faimea&tg the same. 



Background of the l« verities 
!«©02| It is well known in the prior an Jo treat vascular disease with irapta»tti&fc 
stems and grafts, for example, it is wall kwv.» in the art to interpose whbia a stenotic or 
oecloded portion of an artery a steat capabk df s-e!.f-ext>aadi»g or being balloon- 
expandable. Similarly, it is also well taown m the prior an to ase a graft or a stem graft 
io repair highly damaged or vulnerable pwwm of a vessel particularly the aorta, thereby 
ensuring blood How aad reducing the risk of an aneurysm or rupture, 
[0003| A more challenging situation occurs when it is desirable to use a stent, a graft 
or a $tem graft at or around the intersection between a major artery (e.g., the abdominal 
aorta) aad one or more intersecting arteries (e. g the renal arteries) Use of single a I 
stents or grafts may effectively seal or block-off the blood How to collateral organs such 
as the l&lntys. US. Patent No, 6,030,414 addresses sues a situation, disclosing use of a 

u'j it havmg lateral <>j v«es lot j mn ' wait euHatei d loot! flow pass 
extending from the primary vessel into which the stent graft is positioned. The lateral 
openings are pre-posidosed within the stem based on kkntificMion of the relative 
positioning of the lateral vessels with v* 1 tch fhe> are ea ; 1 1 s Patent No. 
(\(:t%K>4H discloses a maid-branch graft and a system for deploying it. implantation of 

<f t jtttLMh ui ^ ! t ' . m > < j s., » tag each 

side branch of the graft within a designated branch artery. Additionally > a plurality of 
sty lets is necessary to deliver the graft, occupying space within the vascaJaftire and 
thereby -making the system less adaptable for implantation n < mvt*/ * v* - I i » 
dehvery of the graft aad the stems require* access and exposure to each of the branch 
vessels into which the frafots to he placed H < wa ofase< i dan anerwtomj These 
techniques v hikt effect h s ;t.r. he cumbersome aad .somewhat difftcirh Jo employ and 
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execute, pmtfcukdy where the implant situ involves two or more vessels imersecting the 
primary vessel, all of which requin: em-tatim./ 

[8004) The use of bifurcated steata lor treating abdominal aortic aneury sms (AAA) is 
weB known its the art. These stents have beea developed, specifically to address the 
problems that arise h the » lent of va lat defec mhI or d . ens th site J 
a MiurcaUou I he bifurcated stent )s t pu-S <• eorrt^nrtv 1 ^ < 'rvn 1 A »>n which 
comprises a tubular body or trunk and two tubular legs. Examples of bifurcated steals are 
provided m U S, Patent Nos. A?2AIK>4 and 5,755735. Bifurcated stents may have either 

tit) ll.v* H .1 1 1 , 1 t < * U I 

itttercouoeeted its situ I« particular, oae or b< s heiegexu >«s are attachable to a 
at*i» tubular body. Although the delivery o-f modular systems is less difficult due to the 

! A i'v oi Jt e LOj.ipo'enN p is , f P " i on u 1 . • ^ the i<'ps ttfth the 
body hmren with enough precision to avoid any leakage. On the other hand, white 
unitary stents reduce the probabihts ot k dove then la? , -i wcci 0 o»eu difficult to 

• m lag constrained geometry, 
i-itnH' While he conventional wcated terns have bee t ed somewhat 
saecessfuliy in treating AAA, they are not adaptable where the anatomy of the iwplaai 
site is urepiar, i.e., where the shape of the major artery, generally or at or around the 
I t » » im ! ev die* ik m i ^ it. > I sum ilh h tint where the 
arsaunns ot tin snip, s »n •> > 1 i ' . ..sku <. , As - v A 
of the vascular anatomy that, present both of these challenges. 
!80O6| The high ly curved awatotny of the aortic arch requires a stent that caa 
accommodate various radii of curvature. Mere particularly, the stent wall is required to 
he adaptable to the tighter radius of curvature of the m& 1 i<k l the aortic arch without 
kinking while being able to extend or stretch to accommodate the longer topside of the 

» j Mi 5 jg the stem ce >ey« i psbi 

(0007} Additionally, the variability of the anatomy of the aortic arch from person to 
person makes it a difficult, location m which 10 place a steal graft. While the number of 
branch vessels originating bos the arch tuos snawmJ} hree, namely, (he left 
subclavian artety, the L t . , non c rotm mm and the in?! ominate artery, in some 
patients the number of branch vessels may be one, more commonly two and in some 
eases four, live or even six. Moreover, she spacing and aogniar onetrmdou between the 
tributary vessels sre \ able from person so persou, 
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{9808} Still yet. placing stems/grafts wnhiu the aortic arch presents additional 
challenges. The arch region of the aorta is subject to very high blood flow and pmssws 
which make it difficult to position a stem graft w tfhou! t tot , « he heart and placing the 
patient on cardiopulmonary bypass. Moreover, even if the stent graft is able to be 
property placed, it roust be secured m t ssann - > endure the com , ro( ugh ! loo I fl - 
pressures, and shear forces it is subjected io over time iB order to prevent it .from 
migrating or leaking* Additionally, the aorta taxkrgoes relative! i§ it.ka.tn m 
about ?%) in its diameter due so vasodilation and vitsarestrietion. .As soeh, if m wrttc. 
arch gra.fi is not able to expo* «>d coat ^ < tcco r> ne it' tenet 
an inst I ic «*t seal hemeen the graft and the aortic wall tbjec in j n to a risk of 
migration and/or leakage, 

{0609] lu order to achieve alignment of a side branch stent or a lateral opening of the 
roam stent with the opening of a branch vessel, a custom stent, designed and 
manufactured according to each pattern's uatque geometries! constraints, would he 
required. The measurements required to create a eirst can- manufactured stent to &t the 
patient's inn roe vascular anatomy could be obtained *on i • , m> 10 computed 
tomography (€T), fluoroscopy, or other vascular imaging system. However, while such 

j : a custom stem nil 3 ! 

accomplished, it wooM be time con « • • 1 _ - - >e fu huimote kn ' 1 e 

w' 1 1 t Kvi 1 enaon m\ oh rm the use of a stent, such a 
customised stent is impractical In them .1 .u-^ns si would be highly desirable to have a 

t tj 1 m, Ml t it Hiiu^tbiliu ro -.'U3 wiaiie bem^ placed and which can 
accommodate variable anatomy once placed, ft would likewise be highly desirable to 
have the de a - I bilitj, .sufficient to allow Cora discrete number of stents to be 
manufactured m advance and available to accommodate the required range of styes and 
confsgurau'tHts encountered. 

(MlOf Another disadvantage of coii veational stents md stent grails is the limitations 
in adjusting the position of or subsequently reu >evmg the stent or smm-gmh once it has 
been deployed. Often, while the stent is being deployed, the final location of the 
delivered -aero is e . uned not to be optimal for achieving die desired therapemre 
effect. 1 * f m dcpl met ic^ uh ut th tin 1 f t d mo > 

push the stent mi of a delivery catheter, or more commonly to retract an outer sheath 
while holding the stent in a fixed location relative, to the vasculature, in either case tin; 
distal end of the stent is not attached to she catheter and. as such, is able to freely expand 
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to mmmxmnm dtarneteraad seal with the surrounding arte* > a* ! \\ ink* this . f- 
expandhtg capability is advantageous im deploying the stent h presents the user with a 
feadvanrnge when 4e$trittg to remove oj up » «t » » dv J' est uuh/ea 

trigger wirefs} to retain the distal end of the stent selectively until such time as ftti t 
deployment is desh I i compj hod 1 rel iog th i u ire of tetter wtre{s). 
The iimttarioti of this design is the lack of ability to reduce the diameter of the satire 
length client 1 \ u . i i< ) o* me su 

while positioning if is that the blood flow H occluded by die fully expanded main body of 
die stent even though its distal etui is held from opening, 

ooi j | * > , • " u m% t i! s , t $1 < mty disruption 

in blood flow through the vessel. In the case of balloon, deploys hie stents and stent- 

HMO * I h h k i } j i; rt utt t 

disruption of blood flow through the vessel Moreover, in. certain applications, a separate 
balloon is used m a location distal to the distal end of the went delivery catheter to 
actively block blood How while the stent is being placed., in the case of self-expaadrog 

t i ds sen sp »mant of a stent graft may be d»e to disruption of tile arterial flow 
during epkryment req ingj > rcofai Kklltiona *u -gral na t eilappi 
fashion to complete the repair of the vessel Even, without dorapuons m flow, the strong 
momentum of the arterial blood flow can cause a partially opened sieut--gta.fi to he pushed 
downstream hy the hlgh«p*e&sure pukaok impact force of the blood entering the partially 
deployed stent graft. 

(061 2] With the limitations of current stew grafts, there is dearly a need for improved 
stents and. stent grafts for treating vascular disease and conditions a fleeting 
interconnecting vessels (he,, vascular trees), and for improved means and methods for 

ft) h ,1 ' > ' , 1 > ' ! t pi! 1 t 

Summary sf the Invention 
ft>«t3j The present invention is directed to vascular implants and methods for 

fabricating the «tro* The «v. I t ok 1 «t ulh mclade a tubular member or 
Uitaea, most typically in the form of a steal, a graft or a stent graft, where the device may 
further include one or more branching or transverse tabular members or lumens laterally 
extending from the main or primary lobular member. 

[9(114) The implant sites addressable by the subject devices may he any tubular or 
hollow tissue hsmen or organ; however, the most typical implant sites are va&cidsu 
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amictures, particularly the aorta. Thus, devices of t he invention are constructed such that: 
thoy can address im{ n> n<d\ h n> tot us,-i ^ n <t t< u i 
as such, are patt»ctsiarly suitable kuhe < Mum u;i > uh: tn Midas'.' 
arch and the infrarertal aorta. 

fOOiSf The devices and their lumens are formed by interconnected cells where the 

cells ate defined by struts which are preferably made of an elastic orsuperelaslic material 
such thai changes and adjustments can be math io various diaienskms, orieatotkms end 
shapes of She t hiroeo . i ... i {• >. \ si j 

die redaction or expansk>n of a dim«Jisk>iu e.g., diameter and length, of one or more the 
device lum«ss fyj t Us ; ; aoge ft once i r respite Hi an 

opposite change in another dimension, re., whoa the diamete? of the stent teen hi 
reduced, the length of the stent nicreases< and v'm versa. The material construct of the 
devices further enables the oae or more side branch 'lumens- of the devices to be 
posit toned at any appropriate location along the length of the main lumen and at any 
angle with resptx ,s > 1 mon » of the main lumen. Where there are two or 
more side branch, lumens, the lumens may be spaced axiahy and ckeumferenthdfy angled 
relative to each other to accommodate the target vasculature into which She implant is to 
be placed. 

|'0O16J Still yet, she devices axe constructed to have any suitable .preformed shape, 
such as a curved tubular confirmation* lapered or flared luminal ends and reduced or 

j< t< ivjanl' m >in Alfemomch i < t u miih [ i iml, u I 
t h dfioai eonbjuuaJion *sh < h ^am^tf u uk t<, , KtduiU > 

accommodate the vasculature wito which it is implanted. On the other hand, certain 
portions of th; devices roas i\ n^s \> such, another aspect 

of the invention b to incorporate selective i1ex.ibifi{y/sti.nWss into the device upon 
ah k nio whe e iht sat s th ckue s v i d 1 i 
be varied over the entirety of the device, 

i ? j "lite subject devices may Further include other materials which form at 

least a portion of the device, whether such portions may include the stent or the graft or 
tdl or portions of both, in certain embodiments, the graft is made from a bioraaterial, 
such as as extracellular matrix, or other biodegradable materia * hk h is coated or 
attached io at least a ponton o' du , » * .<eK the mnu- hN i • v <■ ^\k> 
.integration of the device mto the vessel wall. 
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ffifctSI The subject devices taclnde additional fe&ttaes for improving and fecilitating 
their delivery, deployment, posittonmg; placement, seewremenL retention and/or 
integration wkMatfce vasealatujies as wlJ as features which enable Use devices to be 
renaoved m re^kkmed subsequent to m least partial deployment wsthm the body, 
}«0t9| Iksea«<i«fluM>UfCv [ - sd> a M md Semn< > F i<>nmu»<*n v uo 
apparent, to those persons skilled m the art upon reading the details of the invention as 
more fully described below. 

Brief Description of the Drawings 
{0020} Themxemnsn f> 4 undu.a 'f > 1 1 1 1 devatpuon when 

read in coajttBCibtJ with the aecon^&ryiag drawings, 'it is smpteked that, according to 
oi on p\ Ktics, the varkms features of she drawings are .not iose&le. On the contrary, 
the rbmenskm onh« various features are arbitrarily expanded or reduced for clarity 
Also for purposes of clarity, certain features of the invention may not be depicted in some 
of the drawings, Included in the drawings are the following irgorss: 
\mn 1 ) Fig, I illttstrates an embodiment of a branched stent of the present invention in 
a natural deployed state; 

}'O022J Fig. 2 illustrates another e«sbodrment of a branched stem 1 of the present 
inveafioa in a natural, deployed state; 

(0023} Figs. 3A illustrates another embodiment of a branched stent in which die side 
branch bamsens are angted Fit? SBi rsi nd. vkw frh tern of Fig. 3 A 
10024} Fig. 4 shows an embodiment of a branched stent fabricated from wire havmg 
more than rw en <,\ 

|0025J Fig, 5 shows another embodiment of a branched stent fabricated from w.ke 
ha\ ma more than om gauge; 

\W2'6\ fig, 6 illnstmtes an enkagemem of a portion of a stem body fabricated from 
wise having more than one gauge; 

{0027| figs. 7A-7C illustrate various exemplary mandrel designs for fabricating the 

ei and tern graft the present invention; 
{0028} Ftg. 8 illustrates -, om, tig a stent of 0x> present .invention; 

jfH)29| Fig, 0 t!kt i t« mother <t 4m f an implant ol he present invention 
having a cardiac valve operatively coupled to in 
[0830} figs. .1 OA and H)B are o n 1 at u»<>n 1 . >n mJ 
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{003*1 Pigs. 1 1 A-J Ki illustrate various steps in a method of fal>Hcat*.t>§ a graft 
am rr a stem is the pre t mves 

f003S) Fig, i 2 A iimstraies a juondret apparatus lor forming convolutions in the graft 

<• ' 1 1 H ! •> \ I , h > PB i f t - \! uit om \ icvt of a poitum of the 
mandrel apparatus of Pig. 12A; 

\(Hm\ Figs. I 3A-t 3C illustrate various steps k another method of fabricating a graft 
covering for a sie.tr; grafts of the present invention; awl 

(§034 } Fi g.. 1 4 illustrates another mandrel wppaufa s of t ire pmse at invention .for 
forming the cmwolnttan pattern in the graft of Fig, 1 3D. 

Detailed Description of the invention 

}'O0J5| Before the devices, systems and methods of the present, invention are 
. - I I a i U i . , t d d) i h m n i i ut.intu particular therapeutic 
applications and implant sites described., as such may vary. If is al$o to be understood 
tii e terminolog k! herein i$ fo h purpos ofd n jamcular t diments 
only, and is not intended to be limiting, smce me scope of the present invention will be 
limited o»l> bv the rppen I d claims. 

Unless defined otherwise, all technical and scientific lerms «ssd herein have 
the same meaning as cannnoidy understood by one of ordinary skill i.» the an: to which 
(his invention belongs. The mm 'implant" or "implantable device" as used herein 
includes but. is not. limited to a device comprising a stent., a graft; a stem-graft or the like. 
The teams "proxirnnf" and Mtstal" when, used with reference to die .implantable devices of 
the present invent ion, these terms am to be understood to indicate positions or toctmoas 
relative to the intended implant site * hen ft is mennnelv positioned th r< in h 
proximal refers to a position or locmian closer to the origin or upstream side of blood 
Bow, i.e. , the closer to the heart, the trnwe proximal the position, likewise, distal refers 
to a position or location further away from the origin or closer to the downstream side of 
blood flow. 

|0637j Referring now to the figures, she present invention will now be described m 
greater detail. It is noted that while each of the illustrated devices has a primary or main 
tabular member and at least one laterally extending tabular branch, the implantable 
devices of the present invention need not have side branches, 
j0O3SJ Fig. 1 illustrates one variation of an implantable device 2 having a primary 
tubular portion, body or member 4 and lateral ex ndh d I he 'a 
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interconnected am! m Fluid com.mtmi cation mih m&m body 4 by way of lateral opening.*; 
within the body. The proximal and distal ends of the mam whiter member 4 ternhtuue in 
crowss or apexes 8, the number of which may vary, Tbe distal end.- uftbe v.L s i uhe* 
6a, 6b aad 6e terminate mi crowns or apexes 10a, 1 Ob aad 1 0c s . respectively, the manner of 
which n «\ t jko r\ IV< re " i pnts*~u - ' ^ Honed u >f iff >t k I < t 
arch where primary tubular me ther 4 is p > - able within (he arch walls and tubular 
benches 6a, 6b and fx? are posiiionable wifcfct the innominate- anery, the left common 
carotid artery and Use left subclavian artery, respectively. 

l®&9\ fig- 2 illnssraies another variation of a device i 2 having a primary tubular 
potion or member 14 and laterally extending brattehes 1 6a and 16b, mfercomteeted and 
m fluid coromunteattoa with main body 14 by way of lateral openings within the bed;,', 
I f 1 1 > b vi i« m crowns or 

apexes 18 which are employed a* described above with respect to Fig, t while the distal 
ends of the side branches 16a and If* terminate in crowns or apexes J#a and 18b, 
respectively. Device 12 is particularly- configured for implantation in the infra-renal aorta 
wltere primary tabular member 14 is positionable within the walla of che aorta and tabular 
branches 1 6a and 16b are positioned wifMs the right and left renal arteries, respectively. 
|0u4ft| 'The subject devices are fabricated at least m part from one or more surras 5 
which form ituercoimecied cells 15. Thi& construct enables the devices to be selectively 
manipulated to adjust at least dimet m < ureter and spi hapeovo utbca 
of the device. By ''manipulated" it is meant that, the device can 'be constrained. 
, i («. m i c\pa <bc uJ.hul twnded ungkxfete. Whether any of these 
manrpuJairom are necessary is at least partially dependent on the neuual or natural size of 
die stent lumens, the size ofdte vessels into which the lumens are to he implanted, the 
erosa-sectioaal profile of the delivery system through winch thev are- delivered to the 
ii jphw t m „ rut tt u m tt< ( i\ - j t *n *j the \es*>el into which 

the implant is to be positioned. For most endovascular applications, the hmiersai 
diameters require reduction in order to fit within a delivery system, and then nsquue 
subsequent reversal of the reduction to prop. : . a *j e s esse! into wbich they are 

plou f o-u'o b 1 sdftm i 1 ! o%c< . hin die vasculature, may net 

necessarily fully expand to their oatural/Bentral sue as they will be constrained by ihe 
vasculature, l» some instances, the stent lumen nayreqts e xp ion subsequent to 
,'tu ail'iji , l.aermi f t q k*h ,i k b\ \c-s<yl -..alh 
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[9041 j Generally, the devices of the present invention have a first, anrcdueed or 
neutral, dimension "X" and a second or minced, dimension "Y" which is anywhere horn 
one half or less to one tenth or less, of {he first dimension "X." Such a dimension is often 
a diameter or length of the device where the diameter or length of at teas* Use mam lumen 
of {he steal, and most typically of all of the side branch lumens as well, can be changed or 
moderated between X and Y, 

|0w42| Typically, the street devices for most vascular applications will have a main 
branch lumen having an unconstrained length in the range from about I cm to about 25 
''it- tt I, d sn about 2 mm to about 42 mm; and 

side branch lumens having an i«tc\* s ; > > j the j t { era about 0 * cm to 

about 8 eat and an t< - ( u- r I 6 nete m the range from about 2 mm to about 14 mm. 
For aortic applications,, the unconstrained length of the main lumen is typkahy from 

thou * and il e aa< < t dtan eu s m the range from, about 15 

mm. to about 42 mm: and (fee side branch hmiens will 'have an unconstrained length in the 
range from about 2 cm to about # cm and an unconstrained diameter in the range from 
about S aim. to about 14 mm. Whet the di tmio is the diameter of the maw ur?en »f 
the stent, the reduced diameter is more l ikely to be closer to one tenth of the unreduced 
diameter. For renal applications, the mam branch lumen will have an unconstrained 
length in the .range from about 2 cm to about 20 cm and m unconstrained diameter in the 
range from about 12 mm to about 25 mm; and the side branch lumens will have an 
jmconsswamed length in the range from about 03 cm to about 5 cm and an unconstrained 

I , m te? in the t tm e horn about 4 mm to about 12 mm. For coronary applications, the 
main branch lumen will have an unconstrained length in the range from about \ cm to 

> ! f i", f 1" i * cu< 2 i i 0 ti * mm k a -n It 

branch lumen i te range from about 0.5 car to atom. 

i 1 ' e > 1 thorn 2 sm to about 5 mme For 

applications in smaller vessels, such as the nemovasculaittrtx these dimensions will of 
course he an** n 1 » { n « i t m u i ?s 

; letnysn raving re »tm j large net section, located near a jtmeture between the main 
vessel and a tributary vessel, it .may be preferential to provide a branched stent where the 
side branch htmens are relatively longer than average. The lengthier stent branches can 
bridge the neck, opening while maintaining sufficient length at their distal ends to extend a 

if rmc€ 1 to t vascolm dc ,! ach sufficient to anchor the stent. 
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|0843| Adh^iahPm io UK' fcr ;e i d <. - di„uiekt <<j die >n,ot; kuttva as weli as 

the length and/or diameter of the side branch lumens of the devices enables timet to 
accommodate earv«c«oas or tortuous vascniamre encountered along the delivery path and 
at the implant site, .fa one aspect, the diameters of the device lumens may be compressed 
to enable the device to fit within a smaller-diameter delivery sheath or catheter yet they 
t' x 1 * ion in e il dkmste A < n gage the vasculature 
wall at the implant site, hi man? em g the diameter or length of a 

lumen results in a corresponding change .» the other dimension. More specifically, 
compres-it,^' ' ! >stj>>. N t < umou s 

diameter may result ta foreshortening of the lumen's length. 
I0044J h* another aspect, the orieaanioa of a s?de branch with respect to the mam 
branch, may be adjustable within a certain range. In particular, the side branches are 
tOUHJOoaih »fd liu < ut > \ti u d is t i ^ Jt uh K 

branches intersects the main lumen my he varied. Fig. 3A illustrate* m implant device 
20 in which side branch hmm$ 24 and 26 each .has an angular orientation, defined by 
angle a, with respect to main lumen 22, and has an angular orientation, defined hy angle 
d, with respect io each other. Fig. 3B is an end view of impfom device 20 which 

hstra^ >nti oil . 'i »*-„*,.'. ib.><.m< J 1 Iv -c .uc *\h ...f. ^ 
22 and 24, Typical ranges of the various angles are as follows: from about 10° to about 
1 70* for angle ct, from 0* to shout 1 70* for angle p, and from ir to 360° .for angle 0, 
f hd45| Each of a stent's branched lumens has a naturally hissed orientation in an 
usreonoti i s t d ^> i<tt< ' i * !',' tv, s f t jtu'fvHiue ?s 

both into the device upon fabrication and is selected to accommodate any possible 
variaiioa frt the anatomy being treated. One or more of die I : * « 1 <»* mi, t, 
selectively adjusted within the orientation range upon delivery and placement of the 
branch lumens v. hhm the te e joe e ^ n m ns For example, the stent may he 

Jl < th < ^ nut 1 h n > ! - t 

right-angjtes with respect to axis- of the mam jtamen, which mutual orientation may be 
adiasted amy direction to ; onn a esse! ai die 

itnpCant site into which it e.t is placed, i i te side branch 

buncos with respect to the main lumen may he axial chetsmfereotial or both. Where two 
or more side branches are employed on a subject device., the linear distance between the 
side branches may also be varied hy selective stretching or foreshortening of the stent 
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material positioned between the side branches, in this way. the subject mvemion is able 

to addr^« patieat-fciKp em amnormeal m *j*tencte vuhou > le-si It 

in oo« application, the devices are constructed to accommodate the > ariabiltt h } in 

between or the angular orientattoa of the uibmaty vessel* of the aortic arch, 

jOM&j "{.'he shape of the implant's lumens may also vary or be adjusted as needed to 

accommodate the vessel into which it is positioned. Each of a device's ktmens may have 

a natural, preforn 1 i the vessel irn« 

which it is to be placed Affes ,< e . Um smas nth a ae« 

con figuration but are flexible enough to acuan . e oi 'he \ ess J 

into which they ate implanted, 

|«04i| fhe subset evice may ais be fabricated such that tor lumens tray have 
constant or variable sii.ffness/flexibihty along their lengths as weii as about iheir 
circumferences. Greater flexibility can better accommodate curvaceous vasculature 
encountered during delivery and at the implant site. Such a feature i highly hi t if 
aortic arch stealing applications due to the relatively "tight" curve of (he arch. Enhanced 
stiffness, on the other hand, particularly at the end portions of a lumeny imparts a greater 
di 1 )rce th s t > s i within * iscutare after 

< t j{, if ' ll ! < ' 1 v <, * 

|004Sj The gauge or thickness of the stmt or sums (i.e., (he elemental portions that 

no a tern cell) sed tbncatc the den . it ary > ere thsd j tges impart 
gmater .stiffens and thinner gauges impart greater flexibility. The stmts of a stem may 
vary In dianteter (m wireernkxiiirteMs) or thickness or width (is sheet amk-nt tube 
embodiments). In one variation, a single wire or filament may be used where the gauge 
seleeuvds \ u < i t ^ u,ed to lot in at least 

« n rtion f the » - tnt se their radial force thereby reducing the 

risk of stent m station f\j v, or t h m c p »w » o ,»!'>>> 

v v t , v «iay also form port ons of the side 

branch lumens) which may be relatively more flexible {.hart the end portions to facilitate 

< !\ ot eei< n\ i oi 1 
compact into the delivery sheath more easily, 

}*H*49J In other embodiments, .more than one wire is used wheie the wires each have 
cor&iatit gauges ah 1 u ^ fu<* It h td>u< n wtte hi vure lut i 
whet's) may be used to form the stent ends or other areas where increased stiffness is 
w /-let, " »c 1 v.! o tour othtr-porttons, e.g., the 
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cemml pontons of ilk - < vu, k . increased flexibility is required or ihe cells of 
the sfcte bisneh *t(?m n. , mn ■ t \ eto the r.tdiaHbree 

required for the mm body p srtioo V Jo i? i maH> or alternatively, the teller gauge wire 
can be selectively doubled-over or wn ped » 'viuno m A-be at selected m » 
or locations about the stent >elster - ffoess at those po culat e 
(0050 j In om variation, two or more wires may be employed to form the device 
whereby the wire ends, i.e., four wire ends m the case of?, device made from two wires, 
are joined together. The locatk>»{,s) about the lumens at which the wires cross-each 
and/or at wh ic h their ends are joined about is.%e selected to mioinme sti ffness m certain 
areas along or abo ttu mm ml <. « uhaiace MilTaess io oo* or mare ofjher areas ©f 
the device, i.e.., to provide relative stillness and flexibility between portions of the stent. 
For example m aos it an 1 replications the portion of the mam lumen of the stem 
intended to be aligned aJoag the inferior wall of the arch is preferentially relatively more 
flexible tnstfar less stuT shaft the portion of the stent intended to he aligned afcstg the 
superior wait of the arek as the inferior wail has a tighter radius of curvature. 
Accordingly,, it may 'be desirable to m.imrake the joinder and/or intersection points of the 
wires along this portion of the stem. 

{(1051 1 Figs. -4-0 illustrate etttbodimeots of the subject devices which employ varying 
gauges of wire the main tube 32 © levice 31 f Pig. 4 is fabricated from ' e 1 two 
U o! wnetenin'i - :\. wm'tntvs << ,t - t ;^ o e/isis-cx >n m > < uf.a \Mn> St > to 
h 'u-v- Ui " > ') tcf ».tmv *o is used to fabricate end portions >4a ami ?4b 

and a thinner gauge 42 is «d to .fabricate ether po.rtio.ns 44 therebetween. A thicker 
gauge wire 36 is also selectively weaved or trended throughout main tube 32. For 
example, v is'ets} 36 is/are used at the junctures 40a, 40b . 40c between the side brunch 

i he hea\ ier 

gauge wire does not impede a side branch stent's flexibility to fbM against the main 

' v j . p - ieiiverj roagh >. sheath yditiomdK the docker wire h nun 
be crossed-ever on itself or, where two or more wires are used,, the wires may be caused 
to tnterseet at other locations >^a. 38b where additional stiffness is desired. Here, the 
portions of the main stem lumew direct ly between (mud m the same side as) the sitle 
branch omens 40a 10b 40c are free of the licker gauge wire Mamm/iug the wire 
gauge at these locations increases flexibility and the ability to adjust (stretch or compress) 
the linear disamec between the side branches, a feature quits often needed for aortic arch 
jpphauions 
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(0M2J Main lumen 52 of device 50 of Fig. 5 Is fabricated in a similar nmmm wish 
sad portions 54a, 54b having a thfeka gauge u u e 56 and owj e eemr : lh toe tied poi i bus 
60 having a narrow gauge wire t>2. Unlike device 30, the junctures between the side 
branch lumens 64 sad the mam kmm 52 are Dot ryinfwced with the thicker gauge wire. 
•Here, also, both sides of mam loasen 52 arc somewhat equally reinforced (at locations 
5$a-5&e> to impart substantially equal ftesMtty/su0bess on both sides of the device 50. 
fpu53f Fig, 6 shows an s pt don l > i device ol t- present invemioj 

fabricated from two wires, one having a thinner gauge 72 and the other .having a thicker 
gauge ?4 H ue wire 72 b used i ity of drestet < j, 

which is reinfot i ertain areas by the iht < boned absve, 

the reinforcement can he accomplished by weaving together two or wore lengths of the 
dnrmet gauge -une 72 and et ' u- >, < . i> eovepauera 

or line of thinner gauge wire, as referenced by M in the flgx>Ts. Alternatively or 
additionally, the w ires may be intersected at certain selected points 78 about the area of 
the stent body to increase si if mess at those points. 

I«h54| The devices of the present irtvetuion are addiuoacdiy advantageous in that they 
are seif-secrtr.bg ta prevent migration whbn she vasculature. Such a feature ttay he 
hnptaented m a variety of different ways. First, the device lumens may be constructed 
having ends (for both main and side branches) which have expanded or flared diameters 
that place sufficient » adi 1 nice on the intei bi v. all oi she % esses into which they are 
implanted io resist against intravascular pressures.. As mentioned above, thicker gauge 
whts m the end portkms of &e device may pm\ 1 dditio i force \ddhioually or 
alternatively, the number of apices at ihe stem ends .may be increased as needed to 

e rad e a nd pon By, at least three apices are employed 

f the luroenal > <^ large* lumens 

rcqbre more apices to maimom the desire mdialiy force to he placed on the vessel wall. 
In branched devices, migration prevention may be addressed by u '.."mtunj the eeiis y j 
side branch lumen with the cells of the mam body lumen. More sped ficalfy, the 
interconnection of the side branch lumen to ihe main bodj lumen t$ accomplish t ; 
forming die side branch lumen and the main body lumen from the same wire or filament. 
Thus, when the side branch is deployed within and held m place by the side bt such artery, 
the main body of the stent aunot migrati hici passive mehonng onechasusms are 
atraumatic, as opposed to m active anchoring means, such as baths or .hooks, which may 
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damage the c«Halar$inaaui«s of the kmphm site leading to smooth. muscle pmlifcmim, 
restenosis, arid oiher vascular eoaTpBcahoos such as perforations, tearing or erosion 
f As mentioned above, the imputable <tevKes of the present l»vent»or> may 

include a stent or a gra ft «r a combination of the two, referred to as a stent graft a itemed 
graft or a grafted stent. The stents and grafts of the present invention may be made of any 
suitable materials known in tie an. Preferably, the $mt ceil structure is constructed of 

aWumgh my saitabie materia.! may be substituted. The wire stent shook! be 
elastkaiiy compliant, lor example, the stent may be made of stainless steel, elgiloy, 
mngsten, ptettaum or NffENOL but any other suitable materials may be im$ instead of 
or ia addition to these commonly used materials. 'The erotic stem souciare may be 
feh.rka.ted from one or mote wires woven into a pattern «f interconnected cells forming, 
for example the ekn di Hmkum* 1 1 chutu«ed m Pig. <>. 
|00S6'j Ihv stem stutumt 'sh> t > t v u <l ^1 ^ 1 11 1 <. 
fti he c.vtb ah) , .mm!1)S tee <! ,\L«1 !i'ic\fi. f \ s'hw i f iri^ )> 
II sinned oFtgs 10A «k OB, asnbjcc e is s first or trger eel nze 2 <> v 
more sections of its lengths and has a second or smaller cell si/e 84 at o«e or more other 
sections of its leetgth. Here "cell. »*" is referring to the dittteasiott of the cell atoag the 
fonghad.ina.l direction 8t> of the sten t. The smaller or narrow cells 84 provide greater 
radial three to the stein as. well 3s better conibrmahitiry to carved vascular geometry. As 
such, she length portions at tlte ends of the avara stent hmten a«d at selected central 
portions of the .mam lumen that ma? be subject to particularly curved vasculature. For 
example, m aortic arch applications, smaller cell sizes at the kmgih §xm.ion(s) extending 
between the side branch stent 1 omens may be beneficial as the portions, after implantation 
of the stent, are positioned at the apes of the curve or at the sharpest curvature of the arch, 
particularly at the inside curve (lower arch carve) Wi th smaller cells, the likelihood of 
the cell struts extending into the stent lumen is mimrm;ed in other stent variations, the 
eel! \ise oi 

k <J i!o<jWih k 1. 1 t I no t p )'> Uhc -ode branch 

lumens and, thus, makes it easier for a phvsictan to smirte the distal end of the side branch 
into a designated vessel. 

|9t5?J The wire-formed stems of the present invention may be fabricated in many 
ways. One method of making the wire stent is by ttse of a mandrel device such as the 
mandrel devices 90, 100 and 1.10 .illustrated in Figs. 7A~?€, respectively. .Each of the 
devices has si: least a ro&is mandrel component 02, 102- and 1 12, respectively, with a 
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pHiraUfy of selectively positioned pmM.es 94 f 104 and \ !4, respectively; within winch u 
pfonHty ofpiits (mot show ») aeeselecm al> p si K^ed oi from wfefch a plurality ofnim 
is caused to extend. As is, described in more detail below, the stent structure » fotsaed hy 
selectively wrapping a wire mmtd the pins. Where the stent is to have erne or more side 
branch lumens the m w d e de\ « e sach as de\ ice i 10 of Fig "X\ may be pro\ ided with, 
at least one side mandrel if 6 extooding substantially transverse to the main mandrel l 12, 
where the m \ ~ i > » i- f \~. - \ i pi t n t 

ches io be formed f he tn {■ k»v» es may be modn , id* branch 

mandrels of varying diameters and lengths can be detaehably assembled to the main 
mandrel. The configuration of the main mandrel m well as the stde branch mandrel(s) 
may have any suitable shape, size, length, diameter, etc. to form the desired stent 

l i,f " , incfi t f-nni' > •> fie 'jidij h 'i < .jt > i.e is Vaw , -4. "In 1 nnditcai 
configuration' c li ^ ' * id ( >fuv itn< , k n h» 'nay be conical 

with varying diameters along a length dimesmoa (see Fig. 7B), frustum conical have an 
oval cross-see! ion. a curved shape, etc, 

|9058| The pitta may be retractable within the mandrel components or are themselves; 

i i ; ,1* , josmona >k vitl h ho s fomi he maid 

components. Still yet, tire mandrel device may he configured to selectively extend and 
retract the pins. The number of pi ns and the distance and spacing between ikmx may he 
varied to provide a coslonti/t pin < o i lira > f his c usiomizatiofl enables the 
i ^ i i f sua i;itut )/ i t thsst it i hunt d number 

of mandrel components. For example, in one vat utiiom thy pin* are arranged aboni the 
mandrel components m an ,t . n such as f»i example, where about 50% of 

the pinholes per tow will be tilled with ^ - \"er;atneh ►» • .dee mm of num >:e * 4 
he proi idsd *ach h » pinhole partem wh x 

cell patten; 

1005^1 To form the stmt. a. shape memory wire, such as a NITTNOL wire, having a 
selected length and diameter are provided. Typically, the length of the wire ranges from 
about I foot (m the ease of a short "cuff 5 extender) to about 1 2 feet long, but may he 
longer if needed or shorter if more practical, depending on the desired length, and 
diameter of die stent to be formed. The wire's diameter is typically in the range from 
about 0.001 to about 0.020 inch, Aires pro idt rj a mandK ' d; u avtng wmdin p» 
at the desired points or locations on the mandrel components, the wire h wound shoot the 
pins in a * 1 n "i'm n tul'") t i t pm pane n e >• 

15 



WO 2008/098252 



PCT/DS2008/053609 



pattern, to .form a series of fotercosnectcd ondufated .rings msulting in a dewed cell 
pastern. 

|oMb] Aa exemplary wire winding partem is tltos&atsd m Fig. 6. Starting from one 
end of the mam mandrel, the wire 72 is wound around, the pins; 80 in a zigzag pattern back, 
ami. forth from, oae end of die main. mandrel to the other antil (he ceils of the main feawen 
of the sie»t have beett foimed. Next die same or a <iifTer«»t wire is used to form the side 
fercmch inmefos) where the wire is wrapped in a sue/at* fashion from the base of the side 
branch maadrel to the disiaily extending end and back Again urtnl all of she cells of the 
side btaneh have been created, Then the we is wound about the main tumult eS along a 
paihihat is at an angle mfongttudmsl - £ c » mandrel where- foe wife it, doubled 
over itself along certain cell segments, as indicated by reference ratmher 76. it should be 
noted thai any htmers of the stent may be fabricated first, followed by the oihere, otthe 
winding pattern may he such that portions of the various lumens are formed 
intermittently, 

ftuMtj The mandrel device with die formed wire slem pattern are then heated to a 
temperature in foe range from about 480'T to about 520 A and typically to about moX 
for approximately 20 minutes in a gaseous environment,, however, tins rime may be 
reduced by using a salt bath. The duration of the heat-setting step i$ dependent upon the 
time necessary to shift the wire material from a Manensitic to m Aufoenitsc phase. Use 
assembly is then air cooled or placed into a liquid quench hath t which can be water or 
other suitable fopud) for 30 seconds or more and then allowed to air dry.. Once the stent 
ss.su Tieies My 4s ied the pirn are either polled from the mandrel device or retracted 'mm 
the hollow center of the mandrel by a.n actuatm of an inner piece which projects the pins 
oat their respective holes m the outer surface of the .mandrel, Once the side branch 
mandrels are removed, the stent, with m interconnected lumens, cm then be removed 
from the mandrel device. Alternatively, with the mandrel components detached from one 
another, one of the lumens, eg,, the main stent lumen, may he formed first followed by 
fomiation of a side branch lumen by attachment of a sid e mandrel to the main, mandrel. 
{0062} As discussed above selected regt< > i*> t i \ tued 'torn wire 

selectively reduced in diameter. The selective diameter reduction may be accomplished 
by selectively etching or e-pdishfog the certain stent stmts located at foe portions of foe 

v * j Uv o u v. - ie ; ndueed radtfo force are desired, "flus can be done by 
selective immersion of the side branch m an acid during manufacture to reduce the 
amount of metal m a particular region of the stent. Another method to tceomp'"- * 
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desired result of prefer cr a \l , reduc n.g side branch loogUadmal stiffness and/or outward 
radial force of the side brands component is to use an elect; > m, 1 t jpf wi <• n 
plaemi die wover -> N f<j ire stent into an electrolyte bath, and applying a voltage 
potential across an a e-cad5odega{ t \ uem itseit * the ajtode, metal ions are 
dissolved into ih leetrolync sohttba yter natively <*i eq nt1y» the pit>cess may 
be reverse elected 
region of the stent may be cdeetrophUed. with a similar or different- mettd m ionic solution, 
for instance ■ plafinttn (>,„>>' «ecfe 1 r > 
enhance the radiopacity of the .sel ected region, Those skilled in die art of electroplating 
and eiectropoSisblng will recognise that there are techniques using a ''strike" layer of a 
if < i sSvf id tn v u 1 i (I ! „ ,j { f ] jt n u * 

the substrate,. An example would be the use of a pure nickel strike layer on top of a 
NJTINOL -substrate m order to subsequently bond & gold or platinum coating to the 
substrate. 

Another method of making the stent is to cat a thhvwatled hibnJar member 
from a tube or fiat sheet of material by removing portions of the tubing or sheet in the 
desired pattern for the stem, leaving relatively Murmehed the portions of the metallic 
mfeiag w hich are to form die stem:. The sheet material may be mads of stainless steel or 
other mewl a!fo\ v i 1 , ^ >n< ihmt .it 1 'to t ti cot t t , , i> m * sunn dt^pe 
i e ao 5 ; nd supei :las tc allo> x and the aol c< metals s«< h y \ Id o» platinum. 
|6664| in addition to these methods, other teehiaqnes knows to one of skill in the art: 
may be employed to make t he subject, stents. Same of these methods include laser 
cutting,, chemical etching,, electric discharge machining,, etc. 

h1#<>SJ Referring now to fig. 8„ where a stent graft .1 20 is to be formed by the addition 
of a graft material 122, such as an F-X'M. material, to the subject stem 1.24, my maimer of 
■ '. m» he irafi materia! to the wire form may 'be used. In one variation, the graft 

>i v , ; way of it. suture 120 \s such, owe edge 128 of the graft material is 

stitched lengthwise to the stem frame 124 along the stents length, where at least one knot 
I SO is tied at each apex of the stent to secure an end of the graft to the stent, Then the 

i material j 22 is sm hi o <. U >>«rlaee of the stent and the opposite edge 132 of 
the graft is overlapped with ih* already attached edge 128 and independently stitched to 
the stent: frame to provide & leak bee su . ceag inst which blood cannot escape. The 
graft- material is stretched to an extent to match die compliance of the stent so that it does 
not drape when the st«tt is in the expanded state. I pon complete attxhrn-w - " lv «u,r 
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material to the stent the graft k dehydrated so that if sr.t^; / An m, -n;io the sural ftatae 
similar to feeat shrink tubing would wfcsa heated. 

Figs. 1 1 A- 1. 1 F illustrate a method of rubricating a stent graft o f {he present 
invention from a woven or knittsdnype graft fabric, sneh as polyester. As shown ia Fig, 
S I A., a sheet 150 of the material or fabric is provided sad preferably Wretched m a 
direction 1 58s, 1 58b diagonal to the natural weave 152 of the mata i ;l t shown boldly and 
m exaggerated sive in Fig. 1. 1 A for iitetmtion purposes only). While the shm is 
stretched p «r swatch* > ! i t the swats 

have length and whM dimensions corresponding to the length a«d circumference 
dimensions of the main lumea. .1 54 a»d sfcfe branch Ur.me.as 1 56 of the steu't graft to 'be 

;cl llus.trat« fig, t LA, the .material is preferably cat at m angle or diagonal 
to the weave pattern 1 52 the swatches that forms the material. The stretch mufergone by 
the iftstes k ' i i. ». i - u«h die iei.oUmfWjesuation of tfii 1 . J^d w*»ase 
patten? enabling the resulting grafts to fee highly stretchab'le when stretched along an axis 
perpendicular {or opposite} its the direction of pre-streteh undergone by the material. 
Next, each of the side branch swmebe $5<> is f« ided to coapt opposi > dde edges of the 
material (not shown) which are then sutured together to form s side branch graft, m 
snown m Fig. I IB. The sutures way he formed in a ! X" stitch pattern 1 60 tcnmmody 
known to those skilled in an) to further enhance the sireidtabibty of the juncture between 
the niece** oi fabricated 1 o iukmiK' i > t t, , mi-ciui 

imaging the stent graft during iho implantation procedure. As shown to Fig. 1. 1C, boles 
162 atecisl o> punt. it' ,<* u the mate h» < i \ tti t I'ht t to tlu nnmbu 

aadlocanon ' l t n ' mm * fm , jSt. }f v d s*><>t the kfies maybe 
fused or otherwise treated to prevent haying of the .material. As shown in Fig. 1 1 0, the 
side brand) grafts 1 56 are then stmned to watch 1 54 at holes 162 tmng the mm T* 
stitch pattern 104.. Swatch 154 is then folded to coapt its longitudinal edges 1 58 which 
are swt«red together ffcmg t! n 1 1 

may be parttetihtrly beneficial to employ a mtk>paqne srstnre for stttehfog 166 to def ine a 
longitudinal tnaiidngoa the stent graft for facilitating proper alignment of the stem graft 
at a vascular nrplastt *ito Sheeo'k-etueh >- > i 
branched graft 170 (Fig. HE) for covering a branched stent of the present invention. 
jOtM?) While the pte- i to t ; ,j tt .,<> inuk~<m > u Mhli , 
covering a stent and also enhance the f!«xtbt.Hiy mil adpstah.ility of the resulting stent 
graft, as described above, '\xmvofutiag" the graft lumens mas p > de even Amhei 
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enhancement of these features. By ^coavomimg* 5 , it is meant that preformsjd ri<fge« and 
grooves are faraied within he pa ft n 1 « ; 1 about the graft's circuraference (Fig, 1 1 FX 
he., a wave patten* 175a is formed along the graft's length, as best Hhistrated by the 
schematic erosysevm «? vta-om vk«h . <- no Hw <• >,< , • »n ma k ™ .. i in 
the f.raft material euh s <> to .< t n > , natt s oibmhu lumen*. A teckroqae for 
miming the convolutions subsequent to forming the tubular stmehnes is described below, 

* k hat such eomolutmns 
m; v be formed white the grail matet > > -» { <\\ i 
|MH»8| Fig. I 2A. illustrates a mandrel devtce {80 w hk.h raav be «s««t to form to 
convolution* vvitkm the graft material, however, any suitable means and method may be 

mam lumen 1 54 of graft ? 70 md includes aay maimer of secondary mandrel components 
184 $we far insertion into the respective side branch graft lumens 1 56. A phrmfhy of 
threaded bore boles 192 extend radially within mam mandrel 182 for receiving and 
security to the distal threaded ends .PK> of me respective side or secondary mandrels 184.. 
The select ion of space apart bore holes 192 allows .mandrel device IW to be ased to 
convolute grafts having any number and spacing of side grails.. While not illustrated, 
bore holes may be provided laterally of each other and/or on opposing skies of mam 
mandrel 180 to aeetmaaedate any configuration of stent, such as those illustrated In 
Figs J. , 2 and 3, The surface of each mandrel component has one or more sec tions 
1 88 within which a convolution pattern 1 75b has been formed. White the convtmwkm 
pattern I ?5b, best illustrated by the schematic cross-sectional cuKKtt m Pig, 12B, Is 
shown having a square wave pattern, my repetitive pattern (e.g., sine wave) may he 
employed. 

Fabricating the convolutions within graft ) 70 involves first inserting- main 
s > r iMUfT)e I t ) 'jt t - < ci iik'mj.u' : 

eonvoku ions 175 [> d bore t r na 182 are then 

aligned, with side branch hanens 1 56 of graft 170 to allow lor axial passage of the dist al 
ends 190 ofsi.de .mandrels .184 through the suh t neb hn tens 1 56 into bore holes 192. 
'The grail material is then heat-set over mandrel device 1 80 whereby the. fabric is caused 
to shrink and tighten around convolution pattern 175b, Heat setting may he accomplished 
by placing the mandrel fitted with the graft into an oven or by using a heat-emitting 
device where tlx- b - « >ttm - can be focn ed an ! targeted i he h 1 it-setting cm g the 
convolution pattern l?Sa to be formed within gran 170, as illustrated in Figs. 1 1 F and 
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I1C, Oat* ifte pattern is m t the mandrels 182, 1.84 are removed from ibe graft lumens, h 
is noted that the convolutions may be formed in each of the main graft and. side broach 
grafts prior to attaching the grafts to each other by ustag each of the aforementioned 
mandrel components individually. 

|W70J Optionally, another radiopaqne stitch sag pattern 176 (shown in Fig, J .IP) may 
be made within graft J 70, naming tongitudinaily stag the main lumen 154 and 
positioned approximately IMP about the circumference from stitching pattern 166 me 
! 1 i » pa v i u « « i iiipuo, ' . 

vl - -i J i <\ v <!i i mipt ni u f >, n uoH * s. j 
also be provided within the stent delivery sheath whereby the radiopaque markings o» the 
stent graft ate aligned with those on the delivery sheath to entire proper orientation of the 
stem graft within the sheath, as weft as to facilitate proper alignment of the delivery 
sheath during the implant procedure. 

(0071 j Referring now to Figs. 1 3A- I 3D, another grail fabrication method is 
11 < 1 uthieme\ So 

Pig, ! 1 A, a single swatch 180 is formed having a cross pattern or the like whereby aa 
elongated rectangular section 182 defines the main graft lumen to he formed and one or 
more smaller aad shorter rectangular sections- 184, 1 86 intersecting main section 182 
defuse the side branch graft Inmens to be formed, Swatch 1 80 ;s then folded tengtinvise 
along section. 182 such thai the opposite edges of the material are apposed with each 
other. The apposed edges are then sutured, such as with the pte-eton - fcsct .« d ' 
siiiclt pattern 1 9(1. to form the respective tubular sumltues 1 82, 184, 1 86 of a stem graft 
188, as shown m Fig, I SB Unlike tin • i h , ^'v ,rvi t i \ HI ;h - n ' n 

pattern that tranidbttnsibe planar swatch to a tubute structure is located on the side 
branch side, i.e.,. the "top", of the .main graft lumen 18:2, and extends along the lengths on 
! ih des i the »<fe ranch lumen 1.84, 1 86 

|00721 Once the graft stmcmre i 88 is provided, convdhnkms 1 90 may then he 
formed in the grail material as substantially described shove with respect to Fig. I I F, but 
with a slight varanatmmm t pr th x t f i ^ tun -he nV 

branch kunens .1 84. Specifically, as illustrated in fig, 14, the .mandrel device 194 used 
has voids 20\> (.a the convolution pattern 1% about each of the threaded bore holes 198 
for receiving the side branch lumen mandrels (not shown). As such, the resulting 
convention pattern h t I within the graft roateml I N2 mv\ c o.» "mmdmg areas 
202 about she perimeter of the base of each of the side branch hrmens 184, 1 86 which are 
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devoid of convolutions. Forming eon vein boas, i.e., pleating the .material, at dtese base 
areas would otherwise reduce the overall perimeter, and thus the diameter, of the side 
brand* tumms. As previously discussed, an additional yet optional radiopaque stitching 
pauera 192 may be placed utdup mfi l<* matting Joagitud t - t »> \hc u, ■ < >, . > 
It2 and positioned approximately i W about the circumference from stitching pattern 
190. As such botto the "top" and "bottom'* sides of graft 1$$ are provided, w i ll a 
radiopaque marking to taeftftaie jdignmentof the graft within the delivery sheath as well 
as within the vasculature 

|0P?3j tfpon ftna! preparation of the graft by any method, die gra ft is engaged and 
affixed to die stent (not shown) to farm the combined stent grail The graft material may 
be positioned ott either the outer ot n> ' m <, the stent or mo graft Savers may be 
used tot sjiM* u t v it'i* H) ' t t { » ^knit * \,\U h tH< i ti 
external it* die stent she combined structure is formed by sneichmg the stent along its 
length and, while in the stretched condit ion, inserted it Into one end of the roai» lumen of 
die graft, 1 he vent ivptt]!; i < tswththe 

correspond . mc nens oi f te graft which and positioned therein. Once 
properly aligned. She stent is released from its stretched condition and allowed to expand 
into the graft to lorn? a smig lit between die two. For stent grails in which die graft is 
n > ^ v^k i -n a _ dt - tded oi odiesvik'iOtrtpte.sicd ai<duiu> i 
through die main lumen of the stent The position of die gra ft is adjusted to align the side 
branch lumens of the graft with the corresponding <iide branch htmetv of the stent . nd 
then the side Iwtis of the graft are pulled or pushed through the side lumens of the stent, 
f«074| Bach of these variations has its advantages. Specs Heady . with the graft 
' . t < veenthe stern 

graft and the ves^'Kv.N Ok m t < \ > <■ ft < v „ ' 1 

internal to the - o > i i < 1 \j , o 

graft. A stent graft employing both an ianer and. outer graft covering clearly provides 
advantages ot t i<><.> 1 it <, c r lie hulfctraess of 

the device that may require larger delivery system. 

jGOTSf The stent may he further anchored to (he graft by a coating or by mechanical 
means, for example, by screws, cements, fasteners, sutures or staples or by friction. 
Further, roecb:ma\d < In n itn i, -* 1 , i. a llt n t itv* m tnuenUo the 
v m si b> in i it it ft dest i »e stent m ! t enin t into the 
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surrounding l issue. For exa mple, the device may inclnd« metallic spikes, anchors, hooks, 

f - fins Jimp-. - . J, ti >e oj hp 1 1 1' i v - \. urn m place 
|09?e>l The graft portion of a stem graft may be made from a textile., polymer, latex, 
silicone latex, polyeimfiooro«jthyie»«, polyethylene* Daercm. polyesters, pofyarethane 
silicon polymedtane copolymers or Other or suitable material such as biologies! tixsae. 
The graft material must be .flexible mi durable in order to withstand the effects of 
snstallaooo and usage. One of skill in the at would realize that grafts of the subject 
invention may be forumkued by many different well known methods such as for example, 
by weaving or formed by dipping a substrate in the desired material. 
f90T7J Biological tissues that may be used to form the graft i a > tes ia! (as vs oi ! as the 
stent) iwc.hide, hut are not limit e i. < u matrices (ECMsl, aceiktlarized uterine 
walk deceUulari/ed sinas cavity liner or membrane, acelhalar uremra membrane, 
umbilical cord tissue, decelinumed pericardium ami collagen. Suitable ECM materials 
are derived from mammalian hosts sources and include but. are not limited to small 
intestine suhimtcosa, liver basement, membrane, uni? *? \U.m»cb 

submueusa,. the dennts, etc. Extracellular matrices suitable for nse with the present 
mveBtkm include mammalia* ms ha rbmncoss (SIS stomach sabmueos, 
t ttcosa(UBS) cram « t vet b; > J , > 

sheep kmue poicmem >m suitable maifcinal 

|'0678| Submucosal tissues (BCMa) of warm-blooded vertebrates are useful in tissue 
grafting materials. Submucosal tissue graft compositions derived from small intestine 
have heart described m U.S. Pat, No, 4,902,508 (hereinafter the '508 patent) and U.S. Pat. 
No, 4,056, 178 (hereinafter the 'ITS patent), and submucosal tissue graft, compositions 
derived horn t imp S d t t P t> i ( s Pi - > t ^ . i u 

the '$89 patest). All of these (EC-Ma.) compositsms are generally comprised of the same 
tissue layers aad are \ - 1 > ih t hod, the dtlTt '« K '.that es niu 
material is smalt intestine on fbe one baud and urinary bladder oa die other. The 
procedure detailed m the '508 patent, incorporated by reference in the 389 patent and Use 
procedure detailed la the M 78 patent, includes mechanical abrading steps to remove the 
taaer layers of the tissue, .including at least the lurneual portion of the tunica mucosa of 
the intestine or bladder, i.e., the lamina ephhelialis mucosa (epithelium) and lamiaa 
propria, w detailed in the T78 patem. Abrasion, peeling, or scraping the mucosa 
defammates the epithelial cells and the?r associated basement membrane, and mm of the 
i < r i ' ! ^ , vl c ,> j ctive tissue the 
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stratum eoropaetum !brr\ the nssue era* to ti 1 mH \ s ieu>^n/edassoft 

i.i j rep! eraa it lis A\o dol epnhehal hisein.tii ei wand « ist 'K 
submeeosa and stratum eompactum. 

\Wt9\ Examples of a typical epithelium having a basement membrane iadude, bo? 
m not limited to the followkg; tbe epithelium of the skin, intestine, vxlxwy bladder, 
esophagus, stomach, cornea, a»d The ep«' i I . m.i t - > k 
form of a thin sheet f fn t n m 1 ~ ! contiguous whh the basilar aspect of 
epithelial ceils. Sheets of aggregated epithelial eel is of similar type form m epithelium. 
I ptthehal ceil and their mm d epiti ! t ,i t *> » positioned on 
the i«meii e pt'Hito;; >y \--- ;-<^<cii mucosa ^d eo us mute die intends ; >uu\Ke ol mbular and 
hollow organs asd tissues of the body. Connective tissues and the sobmncosa, lot 
example, are positioned on the ahhuumai or deep s > t 1 1 >» mb* ti « 

Examples of eoaseettve tissues used to form »!k * M- n >; * >«k«J u.i 
aldumimd stde of the epithelial basemeot membrane include the submucous of the 
intestine and urinary bladder (UBS), and the dermis and subcutaneous tissues of the shin. 
The i* 1 ^ ^ ( tit may have a t'u ! v of about M > ! k > i and cot 
"mm'i iK (greater than 1 f < i »• e >, < t t < v ! t si« t v» \dHdar 

matrix material Occasional blood vessels and spindle cells consistent with f&rocytes may- 
be scattered randomly throughout the tissue-. Typically die material is rinsed, with saJhie 
and optionally stored in a frozen hydrated state until used. 
{.0080} Rmdi^d UBS, for example, cm he prepared in a manner similar to the 
preparation of fiukfed intestinal swbrtmcosa, as described in U.S. Pat, No. ,1275,82b die 
disetosaie of which is expressly incorporated herein by reference. The DBS is 
commtn»ted by tearing, cutting* grinding, shearing or the like. Grinding the UBS in a 
frozen - t cv Or i t is preferred d 1 e good results can be ohiamed ss b by 

tin < ' 1 iectm eat men * } ^ >! n ' die r.) 

blender and dewateriag, if necessary, by ceiilriftigtug und decanting excess water 
Additional*) the cot d J udszed msae can be sohibili - 1 en. mate digestion 
of the bladder suhroucosa with a protease, such as trypsin or pepsin, or other appropriate 
enzymes for & period of time stdTiciem to so! m lean >rm a substantially 

huniogeneons solution, 

|0oSi| I he coating lot the stent may be powds fei oft BS in one embodiment a 
powder form of UBS is prepared, by pulverizing urinary bladder stibmttcosa tissue under 
itq i hrogert to produce particles rsn$\u n m romO.l to i Phepati ul 
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composition k then lyopi jl /.ed uvern thi md $aerxtimd to famrssolkl «jbs{ar:< m 
anhydrous ptrtfoolate composite. Alternatively, a powder form of UBS can be formed 
firam fluid!***! UBS by & & the susf sot elation eo ) luted* f." 
10082} Otbu v tftip*- ,; ! ! Ai - t,ae >. imac ! r lot u ? s .t ! ; she present inv ertfion 
Include but are not limited to fibronectia, fibrin, .fibrinogen, collagen, iackdlag fibrillar 
and non- fibrillar collagen, adhesive glycoproteins, proteoglycans, hyaluromn, secreted 
protein acidic and rich m cysteine {SP VRQ, thrombospondais, en; « n and » dhes 
t and matrix mc^aiioprol 

|0C#3| 'The steal may be processed in such a way as to adhere- aa BCM covering (or 
mki o\ ;<t ( h to only uk' c, and not extend bcweeo mresegnu a ot \^ hi? the ;ie i 
cells, tor instance, ot;.e could apply enemy in the .form of a laser team, current or km to 
the whe stem \ftmnm? w l ! I s K e T-c\ » r *v t >t < u» udk. < [ n ah the underlying 
structure. Just as when cooking meat oo a hot pari „m t „ , «. I » \f coutd be 
applied, to die steal in such a manner, 

|0684J Subsequent to implant of the subject devices, the BCM portion of the implant 
is eventually waotbed by the stmroundi sgt me taking on the cellular characteristics of 
the tissue, e.g.., endothelial smooth muscle dvetsbda > which it has been resorbec 
StMi yet. an BCM scaffolding having a. selected configuration may be operativeiy attached 
to a stent or stent graft of ike -present Invention at a selected location whereby the BCM 
material undergoes subsequent tenuxleliag to native tissue structures at the selected 
location. For example, she t * \f m\o ' . -<a ,i \\ he- postponed at the annukis of a 

«m. tenvneu i il 01 \ ulye configured in SttC-h & way u to want h 
sin ,nmal charactes istic* ofaomc valve k\ del- and whe.reb\ the implant provides valve 
function, 

; ms > p M ' lit i v > 

for local delivery of a ihempeuttc or plnumseemksi agent to the disease site. Local 
delivery requires smaller dosages of therapeutic or pharmaeeubcal agent delivered to a 
concentrated area; in contrast to systemic dosages which require multiple administrations 
and loss of materia} before ft*. 1 >\xe > &n> therapeutic material, 

composition or drug, amy be used including but not limited to, dexatuetbasotte. 
tocujpberul. dexantethasone phosphate, aspirin, heparin., Coumadin urokinase, 
streptokinase and T PA, or any other suitable thrombolytic substance to prevent 
thrombosis at the implant site. Further therapeutic and pharmacological agents include 
buimt not bnt ted f < u t P nam ' tot. u-, ' ub o ad h i 
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mmmi rdmus to ncrea - ristance to proteolytic degradation as a means to 'prevent post* 
ioipiaoiaiKTO! aneumm doveJopme-m m iii^f 4 >■ e-u <* - ' - I > ; M.,tim >n > * 
adhesion peptides, collagen mimetic peptides, hepatocyte growth factor, 
prolrscmme mmm' >"< ». ^ ps c , ( H trmbtones, 

aniltnseydsnes, untox uo.rj> bleomycin plkamycia, and nutom* in, enzymes 
antiplatelet agemvootvsie >tda( age v befero ; l cetk a< 1 M compounds, 
immunosuppressives, angiogenic agents, nitric oxide donors, amisense oi%onneleobdes. 
cell cycle inhibitors, ami protease inhibitors. 

j.0886| For purposes of agent delivery, the subject stents,, grafts and/or stent grafts are 
coated with a primer layer onto a surface. The primer layer formulates a reservoir for 
eonunmng'i <. t n,um i , s emon between the 

» , t er and aive ingredient may be modi I d to inert 1 e the permaabUUy of the 
primer layer to the active Ingredient. For example, by applying a common solvent., the 
active ingredient and the surface layer mix together and the active ingredient gets 
absorbed into the primer layer., In addition, the printer layer may also he treated to 
produce an uneven or roughened surface. Thi* cough area entraps the active mgredienl 
<^ j.,4\, ti - . 1 ' i 1 i - i s > < ulmtosbe 

patienf s bod) Ysstts; » the tl iffuse drags o >.r agent v a 

cotarollable me. Fmthemtom, one of skill to the art would understand dial the subject 
invention mas r Kn c« a e < «« uion of multiple coatings, suv ' - the pinner layer m&y 
be divided into multiple regions, each containing a different active Ingredient. 
\mm\ The subject unpbnte may also be seeded with cells of any type including stem 
cells, to promote angiogenics between the implant and the arterial walls. Methods have 
included applying a porous coating to the device which allows tissue growth into the 
interstices el iIk r < .> f \> ' pi it > t 

I ) 4 if the imp j ssue jvolved inctud 

charged or ionic material u - t - «■ device. 

|<NJ88| 1 he stem grab oi nan u , pu>cm ;m ention may also include a 
sensor or sensors io monitor pressure, flow, velocity, turbidity, and other physiological 
\ « > v(ei .f- 1 tv ! ise< v> t,e»uafmn of a chemical specie < 1 i lor e* u tp 
glucose levels, pif sugar, blood oxygen, glucose, moisture, radiation, chemical, ionic, 
etuymatte. anil 0%><?ess I he „» s i '> i nodn taa i^ia hond, < 1 1 ai \ t- 

and embolization. Therefore, slowing or stoppage of blood flow at any point within the 
lumen must be minimized. The sensor may he directly attached to the outer surface or 
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may be included wWm a -packet or secured with! a the materia* of the stem, grafl, or stem 
graft of the present invention. The biosensor way limber employ a wireless means in 
deliver in formation from the implantation site to an instrument externa! to the body. 
|9©89| The stent, graft or stern graft may be made of visualization materials or be 
configured to include marking elements, which provide an indication of the orientauon of 
the device to facilitate proper alignment of the stem at the implant sue -\m suitable 
material capable of ttwpsrtiog radio- opacity may be used, including, but not limited to, 
baman statate, bismuth trioxhie, iodine, iodide, titanium aside, /irconhim oxide, ra«tafs 
such as gol I, plati i a 1 1 1 . t l r i £ uid com! i 

thereof Hie emne stem o o , v ■ < o 1 j d 

radiopaque material, i.e.. the crowns of the stent, 

{'0090| It. is also corns d s theraj iitc or diagno it components or devices 
i v ! it f<>. o'tt-d with the subject implant*.. S«ch devices may include but are not 
limited to prosthetic vatves> such as cardiac valves ( eg,, an aortic or pulmonary valve) 
and venous valves, sensors to measure flow, pressure, oxygen concentration,, glucose 
concentration, etc., electrical pacing leads, etc. For example, as illustrated in Fig. v, an 
implant 140 for treating the aortic root is provide which includes a mechanical or 
biological prosthetic valve 142 employed at a distal end of the main hmxm U(\ Device 
J 40 farther Includes t»t> smaller, generally opposing side branch lumens i m and i t^b 
adjustably aligned tot. placement within the right and left coronary ostia, respectively 
The length of the stent graft may he selected to extend to a selected distance where it 
terminates at an\ '-saner pn> < to, si co ■> ' ^gocttt m '\ a 1 t < i.Ut - , u\ 
ex rend into the descending aorta. Any number of additional side branches may be 
provided tor accommodating the aortic arch branch vessels, 

I Those skilled in the an. will; appreciate that any suitable stent or graft 
configuration edtos > » loattiomat os 

tmt the intersection of two or more vessels (e.g., bifurcated, in furcated, quadrificated, 
etef)iodudm * imu < , 'titiotut Ik ! u t j < 

the brachyeepbabe arteries, the posterior spinal arteries, coronary bifurcations, the carotid 
ntejics the *;«petto! and ialetwr mes^-f i si get ft ho i ait d stomach arteries 
uamal mtcuc. ancmeut*' ) - thth i i 

100921 The de vices of the present invention are deliverable through endovascnlar or 
cmheter-lmsed approaches whereby the device ;s positioned witb.m a delivery system in a 
uvt * -mo t< I ' > vtt t > o , sp 1 In i dtme nsjon upon 
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deployment from the system. The devices nmy be designed to he self expanding tipora 
m.ea.v t ) > ulel \'i .,i u* uhv ! » *h « < t t > sr.^^j > sea by 

:n - neluts *Uiailoon or Oibe* Cm m dd,< , r i ( M 
otto- devices may be deployable with a combination of a passive and active deployment 
uwsa U)vt\v t ft } h empi ve ihe^tutfs 

grafts and stem t f < « em invention : wh« those skilled in the art will 
reeogmxe certain e< raft or stem graft to 

v i , pioyroent m 
[00*>i{ For example, se I a i the present in ?mion «ro typkally 

fabricated from materials ibat my be snpetelasite materials, s«eh as mekefviumnnr; 
alloys, spring steel, and polymeric materials. Alternatively or additionally, the particular 
weave pattern wed to fcam the cells of the device isteotporaMs a radial sprang force that 
self-expands upon rele tse from a deliver; system 

(00<>4f If more control is desired ^deployment of self expanding devices, the device* 
may bee m i deli-* < md deploymej sseofor^ or more designated 
deployment members, including, bat not limited to lines,, strings, femems, fibers, wires, 
stranded cables, mbwgs, etc. The deployment members are releasabty attached to the 
device, such as by being looped tbrougb one or mot e apices of the device, and nsed to 
retain the device in a constrained condition as well as to release the deuce from the 
constramed condition. More particularly the deployment members aaay be selectively 
rensioned, palled awl/or released to release the apices and deploy the device. Examples 
of suck steal delivery systems are disclosed w U.S. .Patent Ho. b,099,54g, U.S. Patent 
Publication Nos. 2006/0129224 and 2006/01.55366, and copending U.S. Parent 
Application Serial No, 1 1 '530,478 fded October 6, 2006 and U.S. Paiem Application 
having \tt i No. DUI rewith, bmh 

emitted App < m Impla hm the 8od> 

> t ed hen I s: >< 

jOQ95| Other means of referable attachment which may be employed wuh the 
delivery systems to deploy she subject devices inelottebiii are not limited to electrolytic 
erosion, thermal energy, magnetic means, chemical means,, mechanical means or my 
other controllable detachment means. 

fWW6| in some applications, active deptoymem systems mcktdmg expandable 
baboons a k; the S I e my also be used to deploy the stems of the present invention, 
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Examples of balloon expandable stem deiivety systems are disclosed m. U.S. Patent No 
6,942,640, 7,056,3.23. 7,070,613 and 7,105,014, 

|W7} it is also contemplated that the implantable devices may be delivered by use of 
£$ delivery system thai enables partial deployment of the device prior to fialj deployment m 
order to facilitate proper placemen* of she device Additionally, the selected delivery 
system tmy provide for the individual and independent deployment of each kmena! end 
of the implantable device #her« ill the lamenal ra\ be stmuhanfionsf) 

deployed or serially deployed m an order thtt best t v) 1 !' !• the implantation procedure. 

The preceding merely illustrates the principles of die rovention . U will be 
appreciated that those skilled in the art will fee able to de> ise vat lent , arrangements *> hieh 
although not explicitly Scribed or sbowa herein, embody the principles of the invention 
and are included within its spirit and scope. .Furthermore, ail examples and traditional 
language recited he? em an pi n> m;dh ww rued > am Hie reader in undemanding the 
principles of the invention and the concepts contributed by the inventors to furthering the 
art, and are to be construed m hemp " <tlv \ i iv iaooo ; > ->u i <- . o dh -dh reeded 
examples and conditions, Moreover, all statements herein reciting principles, aspects, 
and embodiments of the invention as well as specific examples thereof, are intended to 
encompass both Mitfeuitai and functional , , ■ nk m> the .o- >\>l \ < ;-<• e ,-■ t 

duu sneh edtdvaietsts ksciude bods amretuly known equivalents and equivalents developed 
in the future Le,, any etemeni developed 1 u perform the mm unction regardless of 
structure. The scope of the present invention, therefore, is not intended to be limited to 
the exemplary embodiments $Ik*w» and described herein. Raihei, the scope and spirit of 
n\ niton em ■« 'J ted \ < ] pc ss 
U nam be noted that as used herein and m (he appended claims, the singular 
Forms "a", "an", and "the" include plural referents unless tho context clearly dictates 
otherwise. Thus., for example, reference to **a wire" may melnde a plurality of stseh wires 
and reference to "the stent lumen* includes refeienco to one or more stem lumens and 
equivalents thereof known to those skilled in the ail, and so forth. 
jOiOOj Where a range of values is provided, if is understood that each mtervenmg 
value, to the tenth of the unit of the lower limit unless the context clearly dictates 
otherwise, between the upper and lowei « hat range is a hi < tfacsSiy disclosed, 
Each smaller range between any suited value or intervening value m a slated range and 
any other stated or inttn-vemng value in thai stated range is encompassed within the 
invention The upper ana lowet limits oi hese mallet i m\ es t ts> ndepende nb he 
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included of excluded m the range, and each range where euhei, neither or both fimhs are 
tne-Jttded in the smaller ranges is also encompassed within the invention, subject to any 
specifically excluded limit in the stated rang*. Where the stated range includes one or 
both of the Hmits, ranges excluding either or both of those included limits are also 
included m the invention.. 

|01O'l J All publications mentioned herein are incorporated herein by reference to 
disclose and describe the methods and/or materials in connection with which the 
pubheanons are cited. The publications discussed hereto are provided solely for their 
disclosure prior to the filing date of the present application. Kothiag herein is to he 
construed as an admission that the present invention is not entitled to antedate such 
publicanon by virtue of prior invention. Further, the dates of publication provided may 
be difTereitt ftom the actual publication dates which may need to be Independently 
confirmed 
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CLAIM'S 

Hi at which is claimed B' 

I i jj i . < i, i or tabular structure, comprising: 

a structure having a pattern odnwKom&cM cells where the ss/e of the cells 
varies along a tengti h sre 

2. The hnpkmabk stem of claim 1 s wherein the structure comprises cm or 
t, tuHh uti hi i „ i inMt « ui t tore other sections 

havrag cells having a second or size, wherein the first ske is greater than the second sr/e, 

3. The implantable stent of clatm t . wherein £he structure conipmes a main 
lumen and si least one side branch [omen, wherein the mm lumen has m least one 
section of smaller cells adjacent the side branch luraen. 

4. to • n't>v'ste> o tN >r ^ eutr-'i t . , o«n f - - reside 
branch lumens and the at least one sect! if x„ an e tube two side 
branch lumens, 

5. The implantable stent of claim l„ wherein the cell sim of t he at least one 
side branch lumens is gradually reduced in the distal direction. 

0, The implantable steal of claim 1 , wherein the stntetttre is co»stfuct*d of 
elasbeaily compliant wire, 

?, The; in pi m i 1 ,ten? oi da in 4 wheisi the steit is made ol sta oless 
steel elgiloy, tungsten, platinum or NTHN'OL, 

8, A method of fafrneatm.. ibu\t -> M me method con^mmg: 
providing a sheet of graft material having a woven or knitted pattern; 
>ireichfsg the sheet along an axis at an angle to the pattern; 
cutting at test one piece of material having dimensions corresponding to those of 
a tubular graft to be formed, wherein the cm material has a pis-stretched condition. 
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9. She im I* » ! d<h»m^ mihm usmpttsn j m <j t ub i at u?nfh nutans 
iron it- cut materia! am <• mnj£ toget er at feast two opposing *ads of the material to 
mtttttsia the Utbolar configuration.. 

Ul The method of dam H, wherem die piece of materia! has a rectangular 
configuration tewing length and width dmtettsoas corresponding to length and 
CHtaaifercn« * u nam ners to be formed. 

1 .1 . The .method of claim 10, wherein the hihu&f graft to be formed is a matt* 
lumen; and di s. I fort irupmes 

cutting at least one other rectangular piece of material having length and 
circumference dimensions corresponding to those of a side branch lumen to be formed; 
and 

forming she side brands lumen having open ends 
12. The method of claim 1 1, further comprising: 

forming a hole in (he piece of material oftbe main lumen so be formed, wherein 
the hole has a diametej Imw don eoireapojidi gtoadiamet timen m of die side 
branch lumen to be formed; 

affixing an open end of the side branch lumen to the main lumen a the - an f 
securing together she opposing length ends of the piece of material of she mam 
lumen to be formed. 

IT The method of claim 0 nthej * eria * 
( ' • s < vfog length an I * 

cortespoadiog to length and eueiu»ten$ajce duvamsions ofa main graft fonum to be 
formed and at ie nc so c-cik k hi khl 

corresponding to length and cireimifereaee dimensions ofa side branch lamest to he 
formed, wherein the second section intersects the first seta mm 

14, The method of claim 1 3, folding the piece of material along the length 
i 'mkm of this first seenoa and se<. 11 tether oppos rides ofthe piece o 
material to .form the mam lumen and the at least oae side brand; lumen. 
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15. The method of cIqhu * \\uHi> ; a rnpmwv h ,r.«»<.' u »\ dam n<, tr »> - 
piece of listeria!. 

1. 6, The method of claim. J 5, wherem forming coovolwtioos is performed after 
a tabular graft is formed 

17. rhe meth d of claim 1 * ect * i « 
mandrel po toDed within e »ou! n „ uti 

18. The method of claim 1 5 wberewi mm ; coj >! nm»s compsiNes heat~ 
setisrsg the material 

\9, The method of claim 1 2 or M , w herein the securing comprises using 
radiopaque. 
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